Methods

Study Criteria
Between the years 2000 and 2011, spinal extradural en plaque meningiomas were pathologically diagnosed in 12 patients at the Department of Neurosurgery, Beijing Tiantan Hospital. Patients were included in the study based on the following criteria: 1) an extradural spinal cord tumor with the en plaque pattern of growth present in preoperative imaging studies; 2) intraoperative confirmation of a purely extradural spinal cord tumor; and 3) postoperative pathological diagnosis of meningioma. Patients with neurofibromatosis (NF) were excluded because the biological behavior of NF could be different from isolated extradural meningioma. Data related to the clinical presentation, radiological imaging, treatment, and follow-up outcomes were collected with institutional review board approval.
Magnetic resonance imaging with Gd contrast enhancement was performed as standard radiological investigation before and after surgical treatment. With intraoperative neurophysiological monitoring of somatosensory and motor evoked potentials, all patients underwent resection and no evoked potentials were lost during the surgery.
Outcome Data
The authors performed a structured telephone interview to determine the patients' current postoperative status. Modified Japanese Orthopaedic Association (JOA) scores 7 (Table 1) were applied to assess neurological function. This assessment was performed before surgery, at discharge, at 3 months after surgery, and semiannually thereafter.
Results
Patient Characteristics
There were 346 patients with histologically proven spinal cord meningiomas included in this study. Of those 346 patients, 12 (3.5%) had extradural en plaque meningiomas (Table 2 ) and 296 had purely IDEM meningiomas without an exophytic component (58 males, 238 females; mean age 53.8 ± 17.2 years, range 8-74 years). One additional patient was excluded whose diagnosis was associated with NF. Thus, there were 5 male and 7 female patients included in the study. The mean age at the time of the operation was 39.9 ± 10.1 years (range 27-62 years). The mean duration of preoperative symptoms was 17.0 ± 26.0 months (range 1-96 months). The preoperative presentations included motor deficits (10 cases, 83.3%) associated with sensory disturbance (12 cases, 100%) and sphincter dysfunction (2 cases, 16.7%). One patient presented with hoarseness. The preoperative JOA score was 9.9 ± 1.9 (range 7-13).
Tumor Features
Tumors were located in the cervical (9 cases, 75.0%), cervicothoracic (1 case, 8.3%), or thoracic (2 cases, 16.7%) spinal cord regions. The tumors ranged over 2 to 5 spinal segments, with an average of 3 vertebral body lengths.
Radiological diagnosis indicated the presence of extradural spinal cord tumors, of which the most likely histological diagnosis was metastatic tumors in 5 cases (41.7%) and lymphomas in 3 cases (25.0%), and schwannoma and cavernous angioma in 2 cases each (16.7% each). All the lesions had an en plaque appearance that arose from the lateral side of the thecal sac, and 9 of them arose from the lateral side of the dura and extended into both the dorsal and ventral side of the dura; these lesions encircled the dura and appeared as a half or complete ring on the axial MR images. The tumors had isosignal or mildly high signal intensity on both T1-and T2-weighted MRI. Contrast-enhanced T1-weighted MRI revealed homogeneously marked enhancement in all cases. Dural tail signs were noted in 8 cases and adjacent neural foramen were involved in 6 cases. Paravertebral component, peritumoral edema, tumor cysts, and adjacent bone destructive changes were absent. All of the tumors were removed through the posterior approach using an operative microscope for tumor dissection, and the completely intact dura mater was opened in the midline for intradural exploration, but there was no apparent tumor in the intradural space. The lesions in all cases were confirmed to be purely extradural. Laminectomy was performed in 7 of the cases, and laminoplasty was performed in the other 5 cases. Intraoperatively, the lesions were yellowish or red-grayish in color, sheetlike or collarlike in shape, firm in texture, and highly vascular. The tumors covered the surface of the dura and spread bilaterally. The tumors in 6 cases extended into adjacent neural foramen and nerve roots. Some masses were welldemarcated from the dura, which facilitated their exposure and dissection. Intraoperatively, they were found to originate from the dura but infiltrate it superficially and focally with a clear border. However, most tumors appeared densely adherent to the dura with poor tumor-dura interfaces, which had to be incised and peeled bluntly. The tumors and all the invaded dura were rather difficult to resect without unacceptable surgical complications. Moreover, the part of the tumors that progressed ventrally to the dura was difficult to expose and impossible to completely remove. Thus, gross-total resection (GTR) of the tumor was achieved in only 4 cases (33.3%) with a welldemarcated dissection plane, and subtotal resection (STR) was achieved in 8 cases (66.7%). For preventing recurrence, the section of the dura attached by the tumors was coagulated or removed and reconstructed using artificial dura. An illustrative example of a case is shown in Fig. 1 .
Histological Characteristics
Microscopically, all tumors showed typical histological indications of meningiomas according to the WHO classification, which were similar to intradural meningiomas. Meningothelial and psammomatous types were the predominant histopathological subtypes (Fig. 2) . Mitotic figures were rarely found, and the Ki-67 labeling index in all the lesions was less than 1%.
Outcome Data
The postoperative course was uneventful in all cases. Immediately after surgery, 3 patients experienced a mild worsening of neurological deficits. The mean follow-up period was 74.8 ± 40.3 months (range 26-168 months). The postoperative JOA score was 13.8 ± 2.2 (range 10-17) at last follow-up. The mean final JOA score for all patients was significantly improved (p < 0.01) over the preoperative JOA score. During the telephone interviews for all 12 cases, the patients reported their latest status was improved compared with the preoperative presentation. However, some patients did complain of motor deficits (2 cases, 16.7%) and sensory disturbances (4 cases, 33.3%) at last follow-up.
Postoperative MRI results showed no tumor recurrence in the 4 GTR cases after an average follow-up period of 58.0 months. In the 8 STR cases, 2 patients underwent postoperative low-dose external-beam radiation therapy, and 7 patients had no regrowth in the residual tumors during the mean follow-up period of 71.1 months. One STR case experienced recurrence at 88 months after his initial operation. He underwent a second operation, and complete removal of the residual lesion was achieved. The postoperative MRI showed no recurrence during his further 80-month follow-up.
Discussion
Extradural spinal meningiomas are uncommon tumors, accounting for 3.3% to 21.4% of all spinal cord meningiomas. 24, 31, 36 En plaque types of extradural meningiomas are very rare. The surgical series presented in this study included 12 patients with intraoperatively and histologically proven extradural en plaque meningiomas. In our series, extradural en plaque meningiomas accounted for 3.5% of all spinal cord meningiomas (n = 346) treated at our institute during the same period. There were 7 female and 5 male patients with a mean age of 39.9 years. IDEM meningiomas affect women approximately 4 times more often than men (female-to-male ratio of 4.1:1) with a peak incidence during the fifth to sixth decade of life (mean age 53.8 years). Compared with IDEM meningiomas during the same period in this study, extradural en plaque meningiomas in the present study were more common in younger patients (p < 0.01), without sex predilection. IDEM meningiomas are most frequently found in the thoracic spine. 26, 38 Our patients had a different distribution for tumor location; in this study, most of the tumors were located in the cervical cord (75%) with the remaining tumors in the thoracic (16.7%) and cervicothoracic (8.3%) cords.
Similar to those of common intraspinal tumors, the clinical symptoms of extradural en plaque meningiomas are sensory, motor, or sphincter dysfunctions, which eventually appear in the late stages of lesion progression. Furthermore, sensory deficits are the most common initial symptoms. In our series, the mean duration between symptom onset and presentation was 17.0 months (1-96 months), longer than common extradural tumors such as metastatic tumors and lymphomas, which probably reflects the benign nature and slow growth pattern of the tumor.
The occurrence of purely extradural spinal en plaque meningioma is exceedingly rare. The pathogenesis of this lesion is still unknown because normally there are no arachnoid cap cells located extradurally. Some theories of the etiology of these tumors suggest that the origin may be from aberrant arachnoid islets in the extradural space, islands of arachnoidal tissue that migrated into the extradural space, arachnoid villi that separated from the main arachnoid layer and invaded into the dura, and vestigial remnants of the superficial layer of the embryonal arachnoid mater and villi from a nerve root where the dura mater is not as thick. 11, 14, 18, 25, 30 Thus, various pathogenic mechanisms may cause extradural en plaque meningiomas.
Compared with common extradural tumors, the diagnosis of extradural en plaque meningiomas is very critical in preventing unnecessary overtreatment, providing accurate information with respect to prognosis, and establishing a reasonable schedule for outpatient follow-up. MRI is the modality of choice for the diagnosis of spinal cord tumors. Preoperative differential diagnosis for extra-J Neurosurg: Spine / Volume 21 / December 2014 dural tumors is important when planning surgical strategies and determining the extent of the required resection. MRI shows extradural en plaque meningioma as a homogeneous enhanced mass resembling the usual type of meningioma. Thus, the differential diagnosis includes all extradural contrast-enhancing lesions, such as metastasis, lymphoma, schwannoma, and cavernous angioma.
The majority of extradural metastatic tumors and lymphomas are usually associated with bone marrow and paravertebral involvement. 4 Lymphomas mostly extend over many vertebral levels, with an encircling rind of anterior extradural tumor effacing the subarachnoid space and usually with homogeneously low signal intensity on T2-weighted images because of their dense cellularity.
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Schwannomas usually have a paravertebral component with foraminal extension and demonstrate high signal intensity on T2-weighted images, cystic changes, and nonhomogeneous enhancement. 16 Neural foraminal extension and foraminal widening were commonly found in our cases of extradural en plaque meningiomas, but no paravertebral component was noted. Cavernous angiomas can show MRI findings similar to those of meningio- mas. However, due to a recurrent bleeding tendency, MRI features of cavernous angiomas include heterogeneous high and low signal intensity consistent with subacute and chronic hemorrhage and hemosiderin deposition, 2, 28 which are absent in the case of meningiomas. MRI with contrast medium shows that a spinal IDEM meningioma has the so-called "dural tail sign," which was also found in most of our cases in the present study. This finding is useful for the identification of extradural en plaque meningioma, but the dural tail sign has also been found in metastases and lymphoma. 27, 35 Therefore, although the differential diagnosis with other extradural tumors is important, definitive preoperative diagnosis of extradural en plaque meningiomas remains difficult based only on MRI due to the lack of a highly specific appearance.
Because chronic spinal cord compression is the main pathogenic mechanism, surgery is the primary goal for the treatment of spinal extradural en plaque meningiomas. Because meningioma is usually benign, a good clinical outcome after complete removal is anticipated. Thus, GTR should be attempted with a microsurgical technique based on protection of spinal function if a frozen biopsy specimen confirms that the tumor is an extradural meningioma. In intracranial meningiomas, recurrence can be prevented by removing the tumors and the dural attachment. However, diffuse dural attachment associated with extradural en plaque meningiomas is impossible to resect completely. Moreover, the encirclement of the dura is the most important intraoperative finding of en plaque meningiomas, which indicates difficulty in complete removal even though the tumors are benign. Thus, to avoid severe operative complications, subtotal removal for mass effect relief is acceptable to improve the myelopathic symptoms.
Because various reports have provided opposing views, the long-term prognosis of extradural meningiomas remains uncertain. Some investigators have stated that extradural meningiomas tended to display aggressive behavior and the recurrence rate of en plaque meningiomas was high because of the difficulty in removing parts of the tumors that progressed laterally.
3, 12 Klekamp and Samii found that the recurrence rate for en plaque meningioma was higher for the normal type after 1 year (49.5% vs 7.9%, respectively) and after 5 years (81.1% vs 20.4%, respectively) among 130 cases of spinal meningiomas. 17 In our study, the postoperative JOA scores of the patients had significantly improved at the mean follow-up of 74.8 months; moreover, the symptoms did not get any worse in any of the patients. Among our 12 patients, only 1 experienced recurrence of the residual tumor after a follow-up of 88 months, which improved following a revision operation. Thus, the long-term outcome in our study suggests extradural en plaque meningiomas have a benign course and a favorable prognosis. Nevertheless, because longterm recurrence or regrowth is likely, regular follow-up MRI remains necessary.
Although 2 STR cases that received radiation therapy in our study experienced no recurrence with good outcomes, we believe that postoperative adjuvant radiation therapy may be unnecessary and may cause overtreatment and unacceptable complications because of slow growth and low recurrence risk of the tumors. When a residual tumor regrows with clinical progression, a revision operation is recommended as the primary treatment to control the tumor, due to the benign nature and generally good surgical outcome of extradural en plaque meningiomas. However, if the regrowth tumor is unresectable and neurological functions progressively worsen, radiation therapy, especially stereotactic radiosurgery such as CyberKnife that can minimize the risk of radiation complications, should be considered as a useful therapeutic option.
5,13
The limitation of the present study is its retrospective nature for the last 11 years. Microneurosurgical techniques and understanding of extradural tumors have developed during the follow-up period. These developments could help in safely accomplishing tumor dissection and removal and therefore have an effect on the surgical and clinical outcome. Additionally, detailed operative information in some early cases could not be fully ascertained because their intraoperative findings were based on the medical records. Although 12 cases in a series appears to be a small number, this study included the largest number of spinal extradural en plaque meningioma cases yet to be reported.
Conclusions
The present study suggests that en plaque meningiomas should be considered in the differential diagnosis of a middle-aged patient with an extradural spinal tumor involving the cervical or thoracic regions, if the duration of illness is long, the tumor spreads laterally to encircle the dura with sheetlike growth along the dura mater, and the tumor shows homogeneously marked enhancement with a dural tail sign on MRI. Complete removal is usually difficult because of the encirclement of the dura that is characteristic of these tumors. When GTR cannot be achieved, STR of the lesions for releasing cord compression is advised, and follow-up imaging is required. In addition, a good clinical outcome after GTR or STR can be expected, and the risk of long-term recurrence is low. 
